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ABSTRACT 
Depending on the area of the spinal cord affected and the resultant 
degree of muscle paralysis, frequently ambulation is affected in the individual 
with myelodysplasia. While the ambulatory outcome of individuals with thoracic 
region myelomeningocele is unfavorable, those with sacral myelomeningocele 
hold excellent prognosis for functional ambulation. The walking potential of 
individuals with lumbar myelomeningocele, however, is less clear. Experts 
agree that, in addition to neurosegmental lesion level, several other factors can 
influence the ambulatory status of lumbar myelodysplastics. However, experts 
disagree on the relative significance of the individual factors. The purpose of 
this study was to analyze various factors cited by experts to be significant in 
affecting walking ability in individuals with lumbar myelodysplasia. Methodology 
entailed a retrospective chart review of 19 cases over the age of 18 years. The 
cases were reviewed at various age intervals representing childhood, 
adolescence, and adulthood. The results of this study revealed that the region 
of the myelomeningocele, extent of bracing, and knee contractures at all three 
age intervals were significantly associated with a decline in ambulatory status 
by the time the individual reached adulthood. The type of assistive device at 
age four to five years and scoliosis at 12 years were also significant predictors 
viii 
of course of ambulation into adulthood. The methodology and results of this 
study indicated a need for further longitudinal studies of interval and ratio data 
based on standardized clinical evaluations to increase the accuracy of walking 




Myelomeningocele occurs in roughly two out of every 1000 births and 
accounts for the most handicapping condition in children, second to cerebral 
palsy.1 While the etiology is unknown, pathophysiologically, myelomeningocele 
is thought to be a neural tube defect. The spinal defect results from a failure of 
the caudal portion of the neural tube to close early in embryonic development at 
approximately four weeks gestation. The result is abnormal formation of some 
or all of the developing spinal tissues. The location of the myelomeningocele, 
or myelodysplasia, grossly dictates cord or nerve root involvement and the 
severity of the paralysis. To varying degrees, ambulation is affected in the child 
with myelomeningocele. 
Generally, experts recognize three to four levels of ambulatory status in 
myelomeningocele.2,3 Essentially, each ambulatory status is classified 
according to the frequency and distance of ambulation, and the type of 
equipment used by the child during ambulation. The four status categories as 
described by Hoffer are frequently cited by experts. Communityambulators 
are those patients who ambulate with or without crutches and braces for most 
of their indoor and outdoor activities. A wheelchair mayor may not be used for 
1 
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long trips out of the community. Household ambulators use walking with 
assistive equipment as their main means of mobility indoors and utilize a 
wheelchair for all activities in the community. Occasionally, the household 
ambulator may use his/her wheelchair during some activities at home or school. 
Nonfunctional ambulators are walking only during therapy sessions in the 
hospital, home, or school. Outside of therapy, nonfunctional ambulators rely on 
their wheelchair as their main means of mobility indoors, outdoors, and in the 
community. Those children who do not attempt functional ambulation and who 
are generally confined to a wheelchair for all mobility needs comprise the 
nonambulators. These children, however, are able to independently carry out 
basic wheelchair transfers. 
Several factors influence which level of ambulation the child with 
myelodysplasia will achieve. Most consistently, authors recognize the 
neurosegmental lesion level to be the most significant factor in predicting 
ambulatory outcome.2.3.5.8.10-14 Other studies have shown that patterns of lower 
extremity muscle strength have significant prognostic value in predetermining 
locomotion.3.4.5 Moreover, strength patterns, it has been contended, may be 
more reliable than lesion level, since clinically determined patterns of muscle 
strength may differ somewhat from the classic neurosegmental level.4.6 Many 
studies cite the significance of the iliopsoas and quadriceps as valuable 
predeterminants.3,4.7.8 Achievement of early motor milestones has been shown 
to be a reliable and significant predictor of locomotor outcome; specifically, 
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wheelchair usage and the age at which the child is able to sit without support 
and walk outdoors are each noted.9 In addition, ambulatory outcome can be 
influenced by the presence of neurological factors (e.g., hydrocephalus, Arnold-
Chiari malformation, tethered cord, syringohydromyelia) and orthopedic 
deformities (e.g., scoliosis, pelvic obliquity, hip deformity, contractu res, 
fractures). Obesity, intelligence quotient, upper extremity function, therapy 
rigor, child motivation, and parental devotion are additional factors which have 
been recognized by experts as significant in influencing locomotor outcome. 
As stated previously, ambulatory outcome can be grossly predicted 
according to the region of the spinal cord affected. Because the neural tube is 
most likely not to fuse toward the caudal end, cervical myelomeningoceles are 
extremely rare. When the myelomeningocele develops at the thoracic level of 
the spinal cord, the research has indicated that community ambulation as an 
adult is not predicted.2,5,8,1o For example, Hoffer et al2 found that out of ten 
patients with thoracic lesions, none were able to walk, maintaining a 
nonambulator status; four of the cases did achieve nonfunctional ambulation as 
inpatients, but none maintained the status six months beyond discharge despite 
outpatient therapy and frequent follow-ups. Studies have shown that, while 
many children with thoracic level myelomeningocele may achieve functional 
ambulation (Le., household or community ambulation) and a minority will 
maintain it over the years, the trend is usually toward deterioration in 
ambulatory status.2•11 Experts concur that children with sacral 
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myelomeningocele hold excellent promise for ambulation, with the majority 
achieving and maintaining a community ambulator status.2,9,12,13,14 In the same 
study by Hoffer et al,2 all patients with sacral lesions achieved and maintained a 
community ambulatory status; roughly 80% of these cases required the 
assistance of below the knee orthoses and orthopedic footwear because of the 
associated ankle weakness. 
There is considerable inconsistency in the literature, however, regarding 
the ambulatory potential in children with lumbar level myelomeningocele. 
Furthermore, much controversy exists regarding the association, if any, of many 
factors with ambulation status. 
Lumbar lesions are generally classified by most sources as low and high 
level, with the latter usually denoting L3 and above. While some authors 
contend there is, in general, a poor prognosis for functional ambulation into 
adulthood with high lumbar lesions,5,1o,12,14 other studies claim that there is really 
no significant difference between the two subgroups' potential.2,11 Several 
studies have analyzed factors influencing the walking potential of children with 
myelomeningocele based on individual segmental levels. The majority of 
studies indicate that independent ambulation decreases as neurosegmental 
lesion level increases. 
Experts agree that, in addition to neurosegmental lesion level, there are 
several additional factors which significantly influence, and thus may be 
predictive of, ambulatory potential in the lumbar neurosegmental group. As 
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stated earlier, patterns of lower extremity muscle strength have been shown to 
hold great prognostic value for future ambulatory outcome.3 ,4,6,8 This is of 
significant relevance to the lumbar level population, as lumbar nerve rootlets 
innervate the vast majority of muscles necessary for proficient ambulation--
those muscles crossing the hip, knee, and ankle. The presence and degree of 
scoliosis and pelvic obliquity, hip flexion contractu res, knee flexion contractures, 
and number of fractures are orthopedic deformities that have been recognized 
as having a negative impact on ambulation for patients with lumbar 
myelodysplasia.5,1o,12,15 Neurologic impairments, such as symptomatic Arnold-
Chiari malformation, tethered cord, hydrocephalus, or syringohydromyelia, can 
also compromise ambulation, not exclusively in the lumbar myelomeningocele 
population.14,16 Additionally, obesity has been noted to adversely affect 
ambulatory skills in those individuals with high level paralysis.11 Experts 
disagree on the relative significance or correlation of these many factors when 
evaluating a child's ambulatory potential and predicting outcome. 
Dispute also exists as to the importance, if any, of individual variables. 
Most notably, the consequence of hip deformity for ambulators has been 
debated by several authors. Some authors contend subluxated or dislocated 
hips are of no consequence for ambulation in patients with lumbar 
lesions;14,17,18,19 others argue that the hip deformity does impair mobility at 
specific lumbar levels.7,1o,15,17 
6 
The purpose of this study is to examine those individuals with lumbar 
region myelomeningocele who experienced a decline in ambulatory status when 
they reached adulthood and to identify factors that may have played a 
significant role in that decline. 
CHAPTER II 
LITERATURE REVIEW 
Several authors have examined the ambulation potential in lumbar 
myelomeningocele as one group or in comparison with thoracic and sacral level 
lesion groups. In articles studying all neurosegmental groups, the results and 
discussion pertaining only to the lumbar neurosegmental level were cited for the 
purposes of this study. Traditionally, neurosegmentallesion level has been 
established as the most significant predictor of a child's walking 
potential.2,3,5,8,1o-14 Researchers agree that several additional variables influence 
ambulatory status, although specific factors have been the subject of much 
debate. 
Hoffer et al. identified and defined four functional levels of ambulation: 
community ambulators, household ambulators, nonfunctional ambulators, and 
nonambulators. The authors investigated forty subjects with lumbar 
myelomeningocele, 19 upper lumbar (hip flexion and adduction, knee extension) 
and 21 lower lumbar (knee flexors, ankle dorsiflexors). Ages ranged from 5 to 
42, and subjects were grouped according to level of lesion. Methodology 
entailed chart review, call-back examinations, and review of school 
performance. In this study, Hoffer et al noted that mental retardation, spinal 
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deformity, and residual contractures increased as ambulatory status decreased 
in lumbar lesions. Brain and kidney anomalies and home environment 
influenced the ambulatory status of all lesion levels. Hoffer et al found no 
discrepancy between high and low lumbar groups' ambulatory status.2 
The results of Gaff et al were similar to the conclusions of Hoffer et al. 
The subjects in the study by Gaff et al were grouped according to lesion level; 
there were 12 subjects classified as 'high lumbar without quadriceps' and 23 
subjects classified as 'lumbar with quadriceps.' The subjects' ages ranged from 
14 to 17 years. Information for each subject was gathered by review of case 
notes and interview of the patient and family. The authors cited the importance 
of antigravity quadriceps for maintaining 'useful' walking ('lumbar lesions with 
quadriceps'). When compared to all lesion level groups, the greatest 
percentage decrease in 'useful' walking occurred in the 'high-lumbar without 
quadriceps' group.a 
Asher and Olson conducted a cross sectional study of children with 
myelomeningocele ages five years or older (mean age of 14 years 4 months). 
There were 12 subjects with L1, ~ lesions, 20 subjects with L3 lesions, 17 
subjects with L4 lesions, and 9 subjects with a lesion level of Ls. In this study, 
those with fifth-lumbar myelomeningocele were all community ambulators. 
Subjects with fourth-lumbar lesions were found to have excellent potential to be 
functional ambulators; their status was most significantly influenced by the 
presence of spine, pelvis, hip, or lower extremity deformity. The authors found 
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that patients with third-level lesions and above usually became nonambulatory. 
Hip deformity was the sole factor influencing the third-lumbar group, while 
obesity was the only significant factor affecting ambulation in first and second 
lumbar groups. The authors concluded that neurosegmental level was the most 
important variable affecting walking ability in myelomeningocele.10 
Samuelsson and Skoog analyzed several factors affecting walking 
potential of 73 patients with lumbar myelomeningocele, whose ages ranged 
from 2 to 40 years (a mean age of 14 years 10 months). Using a multivariate 
statistical analysis, ambulation was correlated with neurological and radiological 
level of the lesion, scoliosis, age, pelvic obliquity, hip dislocation, and flexion 
contracture at the hip and knee. There were no ambulators at the first and 
second lumbar levels, 54 percent at the third lumbar level, 67 percent at the 
fourth, and 80 percent at the fifth. According to these authors, 
syringohydromyelia, Chiari malformations, scoliosis, age, and hip flexion 
contracture related to the inability to walk.14 
Charney et al examined ambulation and lower extremity muscle strength 
in patients with upper and midlumbar myelomeningocele. Data were 
retrospectively collected on 87 children with high lumbar lesions with an age 
range of 6 to 28 years (mean of 16 years). Charney et al defined high-level 
paralysis to be voluntary hip flexion and loss of motor power below lumbar level 
2. The authors found that lesion level and distinct hip and knee muscle 
strength patterns determine if the child is upper lumbar and wheelchair 
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dependent or mid lumbar with highly variable functional ambulation. The authors 
concluded that while myelomeningocele children with high level paralysis (42% 
of their population maintained community walking into the adult years), they 
noted that the trend is to decline in walking ability.11 
Most recent studies investigating ambulation in myelomeningocele 
contend that lower extremity muscle strength patterns hold the greatest 
prognostic value in terms of future ambulatory status. McDonald et al found 
that patterns of strength rather than individual muscle groups were more 
reliable due to the intercorrelation of muscle strengths in children with 
myelomeningocele. Methodology entailed standard manual muscle testing of 
17 right and left muscles of 291 subjects over five years of age. Criteria for 
patient selection was not provided. Subjects with iliopsoas strength of less than 
grade 4-5 iliopsoas did not solely rely on a wheelchair. Strong iliopsoas and 
quadriceps (grade 4-5) were positive indicators for community ambulation but 
also represented the group most likely to decrease in status. Those individuals 
with strong quadriceps, iliopsoas, and antigravity glutei muscles were almost all 
community ambulators; 68 percent of those with less than grade three glutei 
muscles were community ambulators.4 The muscles of significance were those 
innervated by lumbar rootlets, although McDonald et al do not formally 
acknowledge a correspondence of muscular innervation to a lesion level in the 
article. 
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Numerous studies have examined the association of various factors with 
the ability to walk in children who have myelodysplasia. There is much disparity 
in the literature regarding the ambulation potential of the lumbar 
neurosegmental level, however. Researchers agree that several factors are 
associated with a change in ambulatory status, but disagree on the relative 




One-hundred-nine charts from a myelodysplasia clinic at a children's 
hospital in St. Paul, Minnesota were randomly obtained. Out of 109 charts 
reviewed, 56 (51.4%) were diagnosed with lumbar level myelomeningocele. Of 
the 56, only 19 met the criteria for this study. There were five males (26.3%) 
and 14 females (73.7%), with ages ranging from 18 to 30 years (mean = 22.2, 
SD = 3.8). Of the remaining 37, 91.9% of the charts were rejected because of 
insufficient data for collection. The remaining 8.1 % were rejected due to the 
presence of differential or additional unrelated diagnoses, severe mental 
retardation, or lower extremity amputations. 
Of the 19 cases with lumbar myelodysplasia, four (21.0%) cases were 
diagnosed with high (L1' L2) lumbar lesions, five (26.3%) with midlumbar (L3) 
lesions, and ten (52.6%) with low (L4, Ls) lesions. 
Charts were acquired and reviewed in accordance with stipulations 
outlined by the Minneapolis Children's Medical Center and University of North 




Methodology entailed a chart review of 19 adult (born prior to 1974) cases 
with lumbar myelomeningocele either previously or currently enrolled in a 
myelodysplasia clinic at a children's hospital in St. Paul, Minnesota. The cases 
were divided into two groups: 1) those individuals who experienced a decline in 
ambulatory status as adults or 2) those who improved or experienced no 
change in ambulatory status in adulthood. 
A data sheet was used to gather clinical information on the subject at four 
to five years old, at twelve years old, and at the oldest age (over 18 years) in 
which a thorough evaluation was completed. Age intervals were used to allow 
retrospective analysis of variable which may be significantly associated with a 
decline in ambulatory status over time. The four- to five-year interval was 
chosen since this is the age when the reliability of manual muscle strength 
testing has been found to have peaked.20 Furthermore, ability to ambulate out-
of-doors at this age has been associated with independent ambulation as an 
adolescent.9 Age twelve years is a median age of 10-15 years, the range in 
which a decline in ambulatory status is most likely to occur.5 One group of 
researchers found that during the mid-teenage (age 12 or older) years their 
patients tended to prefer a wheelchair to braces.5 Data were collected at the 
oldest age (over 18 years) in which a complete evaluation was performed; for 
the remainder of the text, this will be referred to as "current age." An age of 18 
years or older signifies adulthood, when mobility habits are likely to have 
14 
plateaued. Analysis of functional mobility status as an adult seems to be of 
greatest relevance since the majority of an individual's life is spent as an adult. 
The data sheet was designed to collect information related to functional 
mobility according to various factors that have been identified by experts as 
significant in predetermining ambulatory outcome (see Appendix B). Obesity 
was defined as greater than 95% of weight for height in four to five years and a 
body mass index ((weightlheight)2) of greater than 30 at 12 years and current 
age.21 ,22 By virtue of the methods procedure in which all data were obtained 
from chart review, the data sheet was modified after several pilot trials of data 
collection. The charts infrequently contained information related to school 
performance (1.0.), therapy services received, child motivation, and family 
involvement. Therefore, these variable were omitted from the data sheet. All 
data were collected in codified form to insure confidentiality. 
Analysis 
All data were classified as ordinal or nominal and, therefore, 
nonparametric statistical tests were used for data analysis. All ordinal variables 
were assigned a numerical value, with the lower values corresponding to the 
higher ranking variables. Nominal variables were designated a 1 if the variable 
was male or yes and 2 if the variable was female or no. Refer to Appendix B 
for specifics. The Mann Whitney U test was used to analyze the significant 
ordinal variable associated with a decline in ambulatory status. Fisher's Exact 
test was used to determine significant nominal variables associated with 
15 
declined status. The Kruskal Wallis technique analyzed scoliosis with lesion 
level to further examine the significance of this variable. All variables were 
accepted as significant at the .05 level. 
CHAPTER IV 
RESULTS 
Significant ordinal variables associated with a decline in ambulatory status 
are listed in Table 1. When comparing the group who experienced a decline in 
ambulation in adulthood with the group who improved or did not change, there 
was no significant difference between the two groups' hip status, presence of 
hip contracture, or status of hydrocephalus at any of the three age intervals at 
which data were collected. Additionally, there was no significant difference 
between the two groups by assistive device at 12 years and current age, or 
scoliosis at four to five years and current age. 
Fisher's Exact test found that only the use of a wheelchair at all age 
intervals was significant when analyzed with ambulatory status. Neurological 
impairments, such as symptomatic Arnold-Chiari, tethered cord, and 
symptomatic syringohydromyelia, were not found to be significantly associated 
with a decline in ambulatory status. However, the frequency of occurrence of 
these variables in this study's sample was very low. The ability to ambulate at 
one and one-half years and to walk outdoors at four years was not significantly 
associated with the ability to maintain or improve one's ambulatory status into 
16 
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adulthood. In contrast to several other studies, there was no significant 
difference in the prevalence of obesity between the two status subgroups. 
The Kruskal-Wallis test found no significant difference in severity of 
scoliosis between the three lumbar lesion subgroups. 
18 
TABLE 1.--Variables Significantly Associated with Decline 
in Ambulation Status using the Mann Whitney 
U Test 
Variable Significance Z Score Mean Description 
of variable 
(group1/group2) 
Lesion Level .01 -2.45 1.75/2.73 
Bracing 
age 4-5 years .01 -2.51 3.50/2.00 
age 12 years .004 -2.92 3.25/1.82 
age current NS - .93 1.63/1.82 
Assistive Device 
age 4-5 years .03 -2.20 2.38/1.55 
age 12 years NS -1.38 2.00/1.55 
age current NS - .72 1.38/1.55 
(R) Hip Status 
age 4-5 years NS - .16 1.38/1.45 
age 12 years NS - .56 1.75/1.55 
age current NS - .67 1.88/1.64 
(L) Hip Status 
age 4-5 years NS - .46 1.38/1.18 
age 12 years NS -1.12 1.63/1.27 
age current NS -1.26 1.75/1.36 
Scoliosis 
age 4-5 years NS -1.57 1.63/1.09 
age 12 years .05 -1 .96 2.25/1.64 
age current NS -1.06 2.13/1.81 
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(R) Hip Flexion Contractu res 
age 4-5 years NS - .35 1.50/1.36 
age 12 years NS - .16 1.63/1.36 
age current NS -1.62 1.88/1.09 
(L) Hip Flexion Contractures 
age 4-5 years NS - .85 1.63/1.27 
age 12 years NS - .91 1.75/1.36 
age current NS -1.62 1.88/1.09 
(R) Knee Flexion Contactures 
age 4-5 years .03 -2.15 1.38/1.00 
age 12 years <.001 -3.32 2.13/1.00 
age current .003 -2.95 1.75/1.00 
(L) Knee Flexion Contractu res 
age 4-5 years .01 -2.57 1.50/1.00 
age 12 years .003 -2.95 1.88/1.00 
age current .01 -2.57 1.50/1.00 
Hydrocephalus 
age 4-5 years NS - .10 2.50/2.27 
age 12 years NS - .51 2.50/2.27 
age current NS - .51 2.50/2.27 
NS = nonsignificant 
CHAPTER V 
DISCUSSION 
In the literature, experts almost exclusively found lesion level to have 
significance or a high correlation with ambulation in the myelomeningocele 
population.2•3•s.8-14 The results of this study agree with other reports asserting 
the significance of lesion level with ambulatory status in adulthood. As noted in 
Table 1, lesion level was found to be significantly related to ambulatory status 
as an adult, a finding which agrees with previous studies. Cases with L1 and L2 
lesions were assigned an ordinal value of 1, L3 assigned 2, and L4 and Ls 
assigned 3. In examining the mean description of the lesion level variable by 
status (Table 1), it is noted that those individuals who declined in status by the 
time they reached adulthood had a mean value of 1.75, which indicates that the 
majority of this group was between a high lumbar and midlumbar lesion level. 
Those who maintained or increased their ambulatory status had a greater 
average (X = 2.73), and thus lower lesion level mean, with a greater frequency 
of cases having L3 and L4-LS lesion levels. This suggests that those cases 
whose ambulatory skills declined as they reach adulthood tend to represent the 
high to midlumbar lesion level groups. Table 2 displays the status of 
20 
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ambulation by high, mid, and low lesion groups, with more apparent variability 
noted at the midlumbar region. 







n = 10 
Key: A change 





NotJlmproved Amb. Status 




The extent and need for bracing as children and adolescents was found to 
be significantly associated with the course of ambulation into adulthood. When 
an individual required, on the average, extensive knee or hip bracing ('X = 3.50), 
a significant association with decline in ambulation was noted. Those who 
improved, or at least maintained the ambulatory status they had as children or 
adolescents, required significantly less bracing; the bracing needs of this group 
averaged between no orthotic equipment and AFOs (ankle-foot orthoses). 
Bracing requirements as adults would expectedly be relevant to current 
ambulation status, although not valuably predictive. However, several 
individuals using wheelchairs as adults continued to utilize orthoses as well, 
perhaps for preventing or retarding progressive deformity; therefore, a 
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significance between the two groups was not observed. It is anticipated that 
bracing requirements for ambulation are strongly associated with lower 
extremity muscle strength and energy expenditure. The degree of trunk or 
lower extremity bracing indicates unstable joints and is reflective of existing 
muscle strength and agonist/antagonist imbalance. While extensive bracing in 
childhood may be feasible for ambulation, as the child grows, proficient, 
functional mobility is likely compromised by the discrepancy in lower body mass 
and upper body mass. As a child, the lower body is more proportional to the 
upper body. Perhaps, as the child with myelodysplasia grows, there is 
decreased bone and muscle growth and muscular atrophy (due to limited 
activities stimulating bone/muscle growth and denervation) in the lower body 
resulting in disproportional development of the lower half of the body. 
Conceivably, the limited development of the lower half of the body may be 
inadequate to endure its share of the demands imposed by the increased 
growth in the upper body (trunk and upper extremities) and atrophied lower 
extremities. 
The type of assistive device at four to five years was found to be 
significant, and thus possibly predictive of the course of ambulation into 
adulthood. Those children who, on an average, used crutches or a walker 
(X = 2.38) were more likely to decline in their ambulation skills than those 
children who used no device or crutches (X = 1.55) when they were four to five. 
As noted in Table 1, there was no significance between the two groups' course 
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of ambulation by assistive device needs at 12 years or as adults, with both 
groups typically using nothing or crutches. It is possible that by 12 years, and 
indeed by adulthood, individuals with myelomeningocele prefer to use the least 
cumbersome assistive device for functional ambulation. This may limit 
ambulation distances and possibly confine them more to a wheelchair, 
accounting for a decline in status, but, as one matures, proficient mobility 
becomes more of a functional, as well as a social, issue. Furthermore, the type 
of assistive device needed reflects the individual'S level of strength and 
endurance which again may relate to the discrepancy between upper and lower 
body mass. There was a significant difference between the two groups by the 
use of a wheelchair at four to five years (p = .005), 12 years (p < .001), and, as 
would be expected, current age (p < .001). None of the individuals in the group 
who improved or maintained their ambulation status used a wheelchair at four 
to five or 12 years of age. The majority of those who experienced a decline 
used a wheelchair at four to five years (63%) and at 12 years of age (88%). 
Scoliosis is a common clinical sequelae of myelomeningocele and a 
general relationship with loss of ambulation has been established.2,12,14,23 At the 
12-year-old age interval, scoliosis was found to be significantly associated with 
a decline in ambulatory status in adulthood. The average degree of curvature 
in the decline group was between mild to moderate (less than 40 degrees). 
The 12-year-old age interval is likely associated with growth; the resultant 
changes in muscle imbalance increase scoliosis, which, in turn, may impair the 
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child's ability to stand erect to varying degrees. In examining the mean scoliotic 
curve of the decline group in adults, it is noted that the average again is greater 
than a mild curve (X = 2.13); although not statistically significant, the mean 
curve of the second group is less than mild (X = 1.81). These results may 
suggest an association of moderate curvature with loss of ambulation skills. At 
four to five years of age, both groups were found to have averaged below a 20 
degree scoliotic curve; therefore, no significant difference was distinguished. 
The incidence of scoliosis has been shown to be related to the degree of 
neurological deficit with higher frequency and greater severity noted at higher 
levels.23 In this study, no significant differences were noted in severity of 
scoliosis in the three lumbar subgroups; however, the average severity of 
scoliosis per subgroup consistently increased with an increase in region of 
lumbar paralysis at each age interval. 
The presence of knee contractu res, bilaterally, was found to be 
significantly associated with the first group's decline in ambulatory status at all 
three age intervals. On the other hand, there was no significant difference in 
the presence or severity of hip contracture between group one and group ~wo. 
As noted in Table 1, the majority of those cases who declined in ambulation 
had a mean value between 1 and 2 for both knees at most age intervals. This 
corresponds to presenting with knee flexion contractures of up to 15 degrees. 
The development of knee contractures of greater than 15-20 degrees has been 
found to significantly impair ambulation in the lumbar myelomeningocele 
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population.24 Significant knee flexion contractures can preclude brace fitting. 
Furthermore, Perry et al points out that in those individuals without gluteus 
maximus and gastrocsoleus are unable to utilize postural forces to counteract 
the knee instability caused by a knee flexion contracture.25 In this study, those 
who experienced no change or improved in ambulation as they reached 
adulthood had no flexion contractures about the knee. The lack of significance 
in hip contractu res between the two groups may suggest that ambulation is 
compromised by a greater average severity of hip contracture than was found 
in this study. 
The impact of hip status on ambulation in individuals with 
myelomeningocele has been a subject of much discordance among experts. 
The results of this study found no significant association between hip status 
(located, subluxated, or dislocated; unilateral or bilateral) and declined walking 
ability into adulthood. Several studies are in agreement with the findings of this 
study. However, other researchers contend that ambulation at specific lumbar 
neurosegmental levels is adversely affected by hip deformity. Asher and Olson 
found that ambulation in the L3 and L4 lesion groups was significantly affected 
by hip status and advocated the necessary measures for maintaining a located 
hip status. Lindseth also found hip dislocation to impair ambulation at the L4 
level. Less specifically, Lee and Carroll contend that ambulation in children with 
myelodysplasia was enhanced by hip stability. 
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Because of the low incidence of symptomatic Arnold-Chiari, tethered cord, 
and symptomatic syringohydromyelia in this study's population, the significance 
of these variables could not be analyzed. Only two of the nineteen cases in 
this study had a history of tethered cord, both of which were subsequently 
detethered. In reviewing the data sheets, both cases experienced a decline in 
ambulatory status following the development and subsequent surgical 
detethering of the cord. One of the two cases went from being a community 
ambulator to a household ambulator (transitioning only one level). However, 
she had an L3 lesion level with reportedly no muscle strength below the knee; 
the effect of these factors on endurance must be considered when analyzing 
her change in status. The second case was a community ambulator with an Ls 
level with fair to good strength at the ankle reported in occasional evaluations. 
Following development of tethered cord and subsequent surgical detethering, 
the ·individual transitioned to a nonambulator. Secondary tethering reportedly 
occurs in 10 to 15 percent of initial detethering operations.23 In the situation of 
the second case, it is suspected that the individual's total loss of ambulatory 
skills resulted from secondary tethering or unsuccessful surgical intervention. 
There were several drawbacks to this study. Typically, the literature has 
examined the impact of various deformities, associated physiologic sequelae, 
and social factors on ambulation in the myelodysplasia population. However, in 
part due to the methodology of this study, frequently such data could not be 
obtained. Perhaps the relevance of social factors could have been analyzed 
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with a questionnaire or interview of the patient and family. Additionally, annual 
standardized clinic evaluations were not completed at the facility where data for 
this study were obtained; typically, clinic evaluations addressed problems acute 
in nature. Therefore, collection of information pertaining to, for example, annual 
extremity strength assessment could not be gathered; this made it impossible to 
examine the significance or impact of this variable upon ambulation. 
Considerable inconsistency was noted in the assignment of lesion level 
per given subject. Therefore, this author collected the most commonly dictated 
lesion level and whenever possible, the dictated lesion level was verified by 
manual muscle strength grades. Researchers have noted that assignment of 
lesion level is often inconsistent and arbitrary.6 Experts usually designate lesion 
level according to corresponding myotome and dermatome levels. Assignment 
of lesion level according to dysraphism noted with radiologic evaluation may be 
inaccurate; Sharrard noted that in only 80% of spinal cords is there a direct 
correspondence between spinal neurological segments and the issuing motor 
rootlets.26 In the present study, it was noted that assignment of lesion level was 
most variable around the midlumbar and low lumbar areas. Several experts 
have found that medial hamstrings are usually stronger than the anterior tibialis 
and, therefore, contend that presence of medial hamstrings (rather than ankle 
dorsiflexion) should signify L4 lesion level.17 Most recently, McDonald et al 
found discrepancies in the traditional neurosegmental innervation of lower 
extremity musculature proposed by Sharrard.6 For example, McDonald et al 
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found a closer correlation of medial hamstrings strength with 
quadriceps/iliopsoas strength rather than with the gluteus medius strength. 
Additionally, the glutei musculature was more frequently correlated with anterior 
tibialis rather than gastrocsoleus strength.6 These authors suggest that children 
with myelodysplasia be grouped according to patterns of lower extremity muscle 
strength rather than by neurosegmental lesion level.6 
CHAPTER VI 
CONCLUSIONS 
In individuals with lumbar myelodysplasia, the level of lesion, extent of 
bracing, wheelchair usage, and the presence of knee flexion contractures were 
found to be significantly associated with a decline in ambulatory skills by the 
time they reached adulthood. In addition, scoliosis at 12 years of age and the 
type of assistive device the individual uses at four to five years of age were 
also found to be related to the general course of ambulation from childhood to 
adulthood. 
Myelodysplasia clinics incorporating routine standardized clinical 
evaluations measuring interval and ratio data would provide for the most 
complete means of data collection to increase the accuracy of retrospective, 
longitudinal studies. Moreover, as for any ailment, prevention is the best 
treatment; routine physical and musculoskeletal examinations may reveal early 
signs of potential problems in the easiest, cost efficient stage of their 
management. 
Prospective studies using interval ratio data to analyze various factors 
with ambulation potential should be done to improve the accuracy of walking 
prognosis. Analysis of interval ratio data using parametric tests provides a 
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correlation of variables with the most objective prediction of future ambulatory 
status. 
The results of such studies would be beneficial to new parents anticipating 
an uncertain future for their child. In addition, such studies could serve as more 
reliable guidelines for therapists setting goals related to functional mobility. In 
an era experiencing radical health care system reforms, the efficacy of health 
care treatment must be substantiated, further underscoring the need for such 
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Neurosegmental Lesion Level: 
A. AMBULATION 
1. ambulatory status: 



















4-5 years 1 2 years Eval. (> 1 8 yo) 
3. assistive device: 
(1 ) none 
(2) crutches 
(3) walker 
4. wheelchair (YIN) 
Comments: 
B. MUSCULOSKELETAL 
1. hip status (indicate U/B): 





(1 ) none 
(2) mild «20) 
(3) moderate (20-40) 
(4) severe (>40) 
Comments: 
3. contracture (indicate RlL): 
hip flexion 
(1 ) none 
(2) mild «15) 
(3) moderate (15-25) 
(4) severe (>25) 
knee flexion 
(1 ) none 
(2) mild «15) 
(3) moderate (15-25) 









1 . hydrocephalus 
(1 ) none 
(2) arrested 
(3) shunted 












4-5 years 12 years Eval. (> 1 8 yo) 
NGFPTO NGFPTO NGFPTO 
NGFPTO NGFPTO NGFPTO 
NGFPTO NGFPTO NGFPTO 
NGFPTO NGFPTO NGFPTO 
D. GROSS MOTOR SKILL ACQUISITION 
1. sitting at 1.5 years ot age 





1. obesity (>95th %ile weight for height) 
age 12: 
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